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Abstract
Growth traits characterization of Nigeria homing pigeons was done using one hundred and thirty eight (138) birds from 
three  locations  (LCT)  of  different  agro-ecological  zones  in  Nigeria [Kebbi  (KEB):North  West;  Ilorin  (ILR):  North 
Central  and  Osogbo  (OSG):  South  West].  Parameters  measured  were  body  weight  (BW)  in  gram  and  morphometric 
body parameters in cm viz. Head length (HL), beak length (BL), neck length (NL), body length (BL), body girth (BG), 
wing  length  (WL),  body  height  (BH),  thigh  length  (TL),  drumstick  length  (DL)  and  keel  length  (KL).  The  results 
showed that, significant (p<0.05) differences existed between body weight and body parameters measured except BL. 
ILR pigeons had significantly (p<0.05) higher BW (263.51g) compared to OSG (204.15), but similar (p>0.05) to KEB
(249.76g);  the  morphometric  body  parameters  measured  showed  that  HL,  BG  and  WL  values  were  significantly
(p<0.05) higher in ILR; OSG had significantly (p<0.05)  higher values for  KL, while KEB pigeons had  significantly
(p<0.05)  higher  values  for   BL,  NL,  BH,  TL,  DL,  and  SL.  Positive  and  significant  correlations  (p<0.01, 0.05)  exists 
between locations, NL, SL and BH; BW  was  negatively correlated with locations  with a significant (0.01) value of - 
0.58.  PCA  shows  the  clustering  of  growth  traits  from  18.94  to  25.14%  under  PC1  and  2,  canonical  discriminant 
functions  gouped  KEB  and  OSG  with  56.60%;  ILR  and  KEB  with  43.60%  while  hierarchical  clustering  shows  that 
KEB homing piegons are distinct from those of ILR and OSG. This results shows that  locations have significant effects 
on growth traits in Nigeria homing pigeons.
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Introduction
Pigeons (Columbia livia) are durable birds raised with little capital input and can thrive in harsh climates and 
endowed with some biological features.  They are monogamous couple birds, with stable production where 
both sire  and  dam  contribute to  brood eggs  and  feed young  squabs,  they  consumed  less feed  and easier to 
raise by resource poor farmers.  They are of numerous advantages with unique qualities, in Nigeria pigeon 
are generally raised for consumption within the compound and only a very small number of them reach the 
trade  market  where  they  are  either  sold  for  meat  or  breeding  stock  (Sonaiya,  2000).  Apart  from  being 
extensively used for scientific research notably in genetics, physiology and psychology (NRC, 1991) and it 
has a game meat flavour and highly relish by pigeon meat lover. Its squab is highly nutritious with greater 
dressing  percentage;  larger  proportion  of  soluble  proteins  and  a  smaller  proportion  of  connective  tissue 
compare  to  most  meats  and  highly  recommended  for  people  with  digestive  disorders  (Anonymous,  1997). 
Some  authors  have  characterize  pigeon  population  (Bhowmik  etal.,  2014,  Pavarez  etal.,  2016)  in  the  past, 
while Fajemilehin etal. (2017) and Daiko etal. (2017) had researched into Nigerian domestic homing pigeon. 
Despites  all  the  good  attribute  of  this  class  of  birds,  Nigerians  still  focused  on  chicken  production  and 
improvement and pay little attention to lesser known poultry species of which pigeons are one.  
 




Thus, awareness and great attention must be given to local and lesser known  poultry species for commercial 
production of meat and egg  in order to bridge the gap between animal protein intake and future food security 
in Nigeria and there is need to diversify  into production of lesser known birds of which domestic pigeon is 
one to complement chickens and other known poultry production  
The importance of maintaining genetic diversity in domestic livestock is advocated worldwide by Food and 
Agriculture organization (FAO, 2010). Thus, conservation of native breeds as Animal genetic resource 
(AnGr) is important to fill anticipated breeding demands in the future (Tadano etal., 2007). It has been 
suggested that before attempting any genetic improvement, animals must first be characterized and their 
quantitative traits must be understood (Sola-Ojo and Ayorinde, 2009), while FAO (2010) stated that the 
future utilization of genetic resource depends on breed characterization, Ayorinde and Oke (1994) reported 
that variation in body weight within a flock could be attributed to genetic and the environmental factor that 
impinge on individuals and Parvez etal. (2016) concluded that breed characterization is essential to formulate 
the conservation and improvement strategies for the breed, with all these assertions phenotypic 
characterization is very important to measure and describe genetic diversity in any indigenous stock for their 
effective utilization and breed development. This study aimed at comparing body weight and morphometric 
body parameters in pigeons of three major locations of different Agro –ecological Zones in Nigeria with the 
hope of providing basic information on metric traits that could be useful in characterization and breeding of 
this valuable bird for better and improved production with respects to their locations. 
Materials and methods 
Experimental Birds 
One hundred and thirty eight (138) adult homing pigeons were purchased at random from three selected 
locations in the North Central, North West and South West, Nigeria, Pigeons are raised in large quantities in 
selected area and they are of three diffenrent agro-ecological zones, which can form the basis of pigeon cross 
breeding experiment in future. The exact origin of the pigeons were, Ilorin (Kwara State), Birnin Kebbi 
(Kebbi State) and Osogbo (Osun State) Nigeria; 37, 51 and 50 pigeons were purchased from each location, 
respectively. On arrival at the experimental farm (Fair and Firm International limited Farm, Tanke Oke-Odo, 
Ilorin, Kwara State, Nigeria, a private farm with all necessary facilities to keep and rear pigeons), they were 
wing tagged according to their locations and given anti stress, then allowed to acclimatized for two weeks 
during which feed and water were provided for them ad libtum and data were collected and recorded 
according to their place of origin. 
Sample Locations and Coordinates of the Sampling Sites 
Kebbi, Kwara, Osun state are located in the North West, North Central, South West Geopolitical zone of 
Nigeria (Figure 1). The coordinates of the sampling sites shows that Kebbi, Kwara and Osun are located in 
12.450 N, 4.200 E; 8.500 N, 4.550 E and 7.770 N, 4.570 E respectively as shown in Table 1.0 (Chineke etal., 
2011).  The homing pigeons were purchased from six central poultry markets (three in Kwara, two in Kebbi 
and One in Osun). The specific point of purchased and their coordinates were: (i) Sabon Kasua Birninkebbi 
(12.27130N, 4.12010E), (ii) Sofon Kasua Brininkebbi (12.27130N, 4.11010E) in Kebbi State; (iii) Oja 
Tuntun (8.48950 N, 4.53660 E), (iv) Oja Oloje (8.980010 N, 4.53290 E), (v) Oja Ipata (8.499810 N, 4.56180 
E) in Ilorin South, Ilorin West and Ilorin East local government of Kwara State; and (vi) Oja Oluode Osogbo 
(7.77640 N, 4.55980 E)  of Ifelodun local government area in Osun State ( TSNWS, 2010 and KWSG, 
2017). 
Table 1. Sample Locations and Coordinates of the sampling sites. 
Data Collection 
Body weight and linear body parameters measured 
Twelve (12) quantitative parameters taken from the homing pigeons were; body weight (BW), head length 
(HL), beak length (BK), neck length (NL), body length (BL), body girth (BG), wing length (WL), body 
height (BH), thigh length (TL), drumstick length (DL) keel length (KL) and Shank Length (SL). Body 
Pigeon ID Sampling locations State Number of Pigeons Sampled  Coordinates of sites 









12.450 N; 4.200E 
7.770N; 4.570E 




weight of individual birds was determined by placing each pigeon on the loading pan of the Mettler Toledo® 
top loading scale to the nearest gram, while the linear body measurements were performed as described by 
Sola-Ojo and Ayorinde (2009) using a measuring tape  and recorded in cm. 
Statistical Analysis 
Data obtained were subjected to Analysis of Variance using the model Yij = µ + ai + eij.  
Where Yij = Overall Observations; µ = Overall Mean; ai = location/origin effect; eij = random residual error. 
Significant differences among means were compared (p<0.05) using the Duncan Multiple Range Test 
procedure (Duncan, 1955) and other univariate and multivariate analysis were performed using SPSS (2013) 
version 7.0. 
Results 
Body weight and Linear body parameters in Homing pigeons studied 
The average values obtained for body weight and some morphometric body parameters measured in the 
homing pigeons of three different locations in Nigeria is as shown in Table 2.0. The results indicated 
significant (p<0.05) variations in body weight value  with ILR pigeon been about 17.30 % bigger in body 
weight than OSG pigeon but similar in body weight when compared to KEB  that have a higher body weight 
with a numerical difference of 13.75g.  HL, NL, BG, WL, BH and SL had significantly (p<0.05) higher 
values in KEB pigeons despite the fact ILR pigeon had higher value for overall BW.  ILR and KEB pigeon 
had significantly (p<0.05) higher values for BG (18.58 and 18.35 cm). Across the three Locations of study, 
no significant (p>0.05) differences was seen in BL and it ranged from (23.71 to 24.39cm), but OSG pigeons 
had significantly (p<0.05) higher values for KL (7.50 cm) and HL (4.50cm), although similar to the value of 
HL obtained for ILR pigeons which was 4.62. The results shows variations in body weight and other 
morphometric body parameters measured along with it. 
Table 2. Mean and Standard Deviation of bodyweight (g) and linear body parameters (cm) in the Homing 
Pigeons according to their Origin. 
Traits ILR  (n=37) KEB (n=51) OSG (n=50) 
BW 263.51±36.91a 249.76±31.85a 204.15±45.47b 
HL 4.62±0.45a 4.31±0.58b    4.50±0.28a 
BK 2.00±0.22c 2.13±0.28a    2.09±0.26bc 
NL 3.81±0.59c 4.38±0.38b    4.68±0.46a 
BL 24.39±4.1 23.71±1.96 23.72±2.02 
BG 18.58±1.17a 18.35±3.97a 16.83±1.82b 
WL 13.68±2.07a 12.49±1.91b 12.40±1.39b 
BH 13.96±1.44b 14.41±0.87a 14.00±0.96b 
TL 3.17±0.54b 3.61±0.38a   3.09±1.07c 
DL 5.95±0.92b 6.56±0.57a   5.76±0.74b 
KL 6.89±0.70c 7.00±0.51bc   7.50±1.86a 
SL 3.20±0.50c 3.92±0.60a   3.32±0.68b 
BW: Body weigh; HL: Head Length; BK: Beak Length; NL: Neck Length; BL: Body Length; BG: Body girth; WL: Wing Length; BH: 
Body Height; TL: Thigh Length; DL: Drumstick Length; KL: Keel Length; SL: Shank Length.   
It was observed from Table 4.0, that positive and significant (p<0.01; 0.05) relationship existed between 
locations of the homing pigeons, NL and SL with a moderate value of 0.57 and 0.58, respectively and a 
higher significant (p<0.01) value of 0.74 for BH. From the correlation output, it was observed that BW was 
negatively correlated (p<0.01) with locations of the pigeon with a moderate value of -0.58, but positive and 
significantly (p<0.01) correlated with WL (0.46) and SL (0.52). Correlations values obtained between other 
morphometric traits measured were either significantly or non- significantly low. 
The variable Principal component analysis (PCA) results shows that BW, SL, DL and BG clustered and 
rotated together for classification under PC1 with 25. 14%, while TL, NL, WL, BL, and KL rotated together 
under PC2 with 18.94%. The canonical discriminat function  (Figure 3) shows that KEB and OSG clustered 
together under Can 1 with 56.60%, while ILR and KEB clustered together under Can 2 with 43.40%, with 
interrelationship between the pigeons in Can 1 and 2 irrespective of their locations.  The hierarchical cluster 
analysis (Figure 4) indicates that KEB pigeons are distinct with values between 2 and 25 and far from those 
of ILR nad OSG which are more closer together between 0 and 3 




Table 3. Phenotypic Correlations between Sample Locations and Growth Traits Measured 
**Correlations Significant at 0.01 *Correlations Significant at 0.05? 
LCT: Locations; BW: Body weigh; HL: Head Length; BK: Beak Length; NL: Neck Length; BL: Body Length; BG: Body girth; WL: 
Wing Length; BH: Body Height; TL: Thigh Length; DL: Drumstick Length; KL: Keel Length; SL: Shank Length. 












Figure 3. Canonical Discriminant Function of of 
Nigeria Homing Pigeons based on their Location. 
Figure 4. Hierarchical Cluster of effects of locations 
on Nigeria Homing Pigeons growth Traits. 
 
 
 LCT BW HL  BK NL BL BG WG BH TL DL KL SL 
 LCT 1             
 BW -0.53** 1            
 HL -0.08  0.06 1           
 BK  0.11 -0.09  0.09 1 *         
 NL  0.57** -0.30** -0.15 0.27** 1         
 BL -0.09  0.26**  0.16 -0.23* -0.07 1        
 BG -0.26**  0.39**  0.04 -0.14 -0.29**  0.16 1       
 WL  -0.26**  0.46**  0.07 -0.09 -0.19 -0.06 -0.01 1      
 BH 0.74**  0.16  0.00  0.02   0.13  0.22*  0.04 0.07 1     
 TL  -0.01  0.06  0.09 -0.01   0.10  0.11  0.01 0.09 0.08 1    
 DL  -0.13  0.43** -0.12 -0.12  -0.14  0.14  0.21* 0.21* 0.15 -0.08 1 .  
 KL  0.20*  0.03  0.04 0.27**  0.24**  0.16  0.04 -0.05 0.37**  0.04 0.03 1  
 SL  0.58*  0.52** -0.05 -0.14  0.04 -0.01  0.04 0.01 -0.01 -0.27* 0.28** 0.07  





Variations in quantitative traits observed in this study is in accordance with the early studies by some authors 
on Nigerian and outside Nigeria pigeons across various agro-ecological zone/geo-political zone (Bhowmik 
etal., 2014, Pavarez etal., 2016, Fajemilehin etal., 2017). Body weight obtained for pigeon in this study was 
higher than the range of body weight 200 -220g reported by Ebunoluwa etal. (2015) and lower than the 
average body weight 283.32g and 416.39g reported by (NRC, 1991; Fajemilehin etal. (2017) and Daiko etal. 
(2017) but was within the value of 265.13 and 268.00g reported by (Omojola etal. (2012) and Sonaiya, 
(2000) for homing pigeons found in guinea and rainforest zone of Nigeria. This study also revealed that 
pigeons from the North western part of Nigeria as represented by those from KEB have higher values for 
majority of linear body parameters except keel length; this shows that the pigeons from the North west 
geopolitical zones of Nigeria area are taller than those from other two regions. The differences in quantitative 
traits observed in this study could be due to different agro-ecological/geo-political area of study and socio 
economic nature of pigeon breeder in the study area as stated by Yakubu etal. (2011)  that some of these 
morphological traits are sensitive to the nature of their environment and nutrition. 
The Phenotypic correlations results obtained shows that locations of pigeons studied have significant effects 
on their neck length, shank length and body height and these three traits should be carefully selected when 
homing pigeons are been considered for improvement in any of these three selected areas. The results also 
showed that the body weight had negative correlations values between with locations and this could be 
indications that their body weight value does not depend on where they are found. However, significant and 
positive correlation values existed between body weight, neck length and shank length and an improvement 
in any of these two body parts will lead to an improvement in overall body weight of chickens., this findings 
corresponds with the report of Maciejowski and Zieba (1982) where some of the linear body parts were 
reported to be an indicator for body weight development in poultry and that of Sola-Ojo et al. 2013 where 
significant relationships were reported for correlation between body weight and some linear body parameters 
in chickens.  From this study, Phenotypic correlation values showed that BW  was negatively correlated with 
locations and its an indication that the body weight values of the homing piegons does not depends on their 
location or origin. A distinct comparative analysis was observed between the three locations from the 
canonical discriminant functions 1 and 2, while the variable principal component analysis shows that all BW, 
SL, DL, and BG clustered together under PC1, while WL, BL, KL, TL, WL and BH clustered together under 
PC2 for the classification of homing piegons with a value of 25.14 and 18.94%, respectively. The 
hierarchical cluster analysis grouped ILR nad OSG pigeon together while those from KEB are clearly 
distinct from the other two locations, this might not be far from the fact that KEB piegons are from the North 
western part of the country and very far from ILR and OSG with a closer distance as shown in Figure1.This 
study also correspond with the assertions of past authors that growth traits characterization is useful in 
obtaining better understanding of the composition and developmental pattern of poultry strains (Maciejowski 
and Zieba, 1982; Sonaiya, 2000; Sola-Ojo and Ayorinde, 2009 and Sola-Ojo etal., 2013) and characterization 
is a guide for  breeding and development programmes in all poultry species.  
Conclusion 
These findings revealed that significant variations existed in the quantitative traits of the homing pigeon 
studied with respects to their locations and this fact will compliment efforts by animal breeders in homing 
pigeons characterization based on their locations. It will also enhance homing pigeons conservation which is 
threatened by large scale transformation of the agricultural systems towards rearing of other poultry stocks. 
Variations in body weight and other morphometric body parameters measured shows that there is room for 
genetic improvement of pigeons across Nigeria. Therefore, Poultry breeder should focus on selection and 
development of pigeon which is regarded as one of the lesser known poultry for the production of animal 
protein and bridging of the existing gap in shortage of animal protein been experienced by masses in the 
country. Pigeons are easier to rear with minimal cost of production and will be affordable for resource poor 
framers to produce it will also contribute positively to the available animal protein for the teeming 
population, thus information obtained here will serve as a guide in selection and improvement of pigeons for 
better growth traits. 
 Acknowledgements 
The Authors appreciates all the final year project students of Dr. (Mrs) Sola-Ojo, Foluke Eunice of the 
Department of Animal Production, University of Ilorin that participated in data collection. Special thanks go 




to the Management and staff of Fair and Firm Farm International Limited, most especially Prof. Olusola 
Johnson Ojo for the permission granted us to house the pigeons and carried out the data collections in the 
farm premises.  
Funding  
There was no external Funding for this research work.  
Availability of data and materials. 
The authors declares that data collected and materials used are available 
Authors’ contributions  
Sola-Ojo, Abubakar and Adeniyi conceived and designed the experiment  
Sola-Ojo, Abubakar and Ibiwoye performed the experiment and were involved in data collection  
Sola-Ojo analyzed and interprete the data  
Abubakar and Ibiwoye wrote the manuscript, while all the authors revised and approved the final manuscript.  
Ethics approval and consent to participate 
This work was carried out under the ethical approval of the University of Ilorin,  Ilorin, Kwara State Nigeria 
and all the authors agreed to participate in the research.  
Consent for publication  
Not applicable.  
Competing interests 
The authors declare that they have no competing interests. 
References 
Anonymous 1997. Pest-eliminators pigeon Netscape Alta. Vistahapp//www.uniosonservices. 
Bhowmik N. Mia MM. Rahman MA. 2014. Morphometric Measurements, Productive and Reproductive 
Performance of Jalali pigeon. International Journal of Development Research. 4(4) : 908-911. 
Chineke TC. Idinoba ME. Ajayi OC. 2011. Seasonal evapotranspiration signatures under a changing 
landscape and ecosystem management in Nigeria: Implications for Agriculture and food security. 
American Journal of Scientific and Industrial Research  2(2): 191-204. 
Daiko, SA. Dike, UA. Ogah DM. 2017. Genetic Parameters of Body Weight and Egg traits in the domestic 
pigeon, Asian Research Journal of Agriculture. 7 (2): 1-5 
Ebunoluwa SA. Ibrahim MK. Lateef AT. Olutayo OO. Isaiah AO. 2015. Effect of  sex on meat quality 
attributes of pigeon birds (Colubia livia) in Abeokuta metropolis. International journal of agricultural 
Sciences and Natural Resources; 2(2): 19-23. 
FAO, 2010. Draft quidelines for molecular characterization of animal genetic resourece for food and 
agriculture. Rome:FAO. Nwagu B.I. and Alawa C.B.I. 1995.guinea  fowl production in Nigeria. World 
Poultry Science 51:261-270. 
Fajemilehin SO. 2017.  Phenotypic characteristics of pigeons (colubia livia var domestica) found in rain 
forest zone of Nigeria, World Journal of Research and Review (WJRR), vol.4:30-35. 
KWSG Kwara State Government 2017. Geography of Kwara State available at https://kwarastate. Gov.ng 
Maciejowski J. and Zieba J. 1982. Genetics and Animal breeding. Part B: Stock improvements Method. 
Elsevier Scientific Publications Amsterdam. Oxford- NewYork. PWN-Polish Scientific, Warszawa. 
Mbap ST. 1985. The Performance of Local, Exotic and Hybrid Cattle at Ibadan and Vom in Nigeria.Ph.D. 
Thesis, University of Ibadan, Ibadan. 
NRC. 1991. National Research Council, Micro livestock little known small animal with promising economic 
future. USA Pages 137-150. 
Omojola AB. Isa MA. Jibr M. Ajewole BT. Garba S. Kasim OR. Omotoso AB. Adeyemo OA . 
Akinleye SB. 2012. Carcass chracterististics and meat attributes of pigeon (Columbia Livia) as influenced 
by strain and sex. Journal of Animal science Advances, 2(5): 475-480. 




Parvez MNH. Akter MTD and Sarder MJU. 2016. Phenotypic Characteristics and  Biometrical Study 
on Different Breeds of Pigeon in the Northern Bangladesh. Bangladesh Journal of Veterinary 
Medine.14(2): 135-139. 
Sola-Ojo FE. and Ayorinde KL. 2009. Characterization of growth potential of the Fulani Ecotype chicken. 
World Journal of Applied Science and Technology. 1 (1): 37 – 44 
Sola-Ojo FE. Toye AA. Ayorinde KL. Okukpe KM.  Oluwole BE. 2013.  Relations between 
Body weight and linear body measurements at specific growth stages in Arbor Acre Broiler Chickens. 
World Journal of Applied Sciences WOJAST. 5 (1): 1-5. 
Sonaiya EB. 2000. Pigeon genetic Resources in Semi-arid zone of Nigeria: Proceedings of an International 
Workshop held on Dec. 9-13, 1997 at M`Bour, Senegal. 
SPSS. 2013. Statistical Package for Social Science 2017 version 7 IBM inc.444 Michigan  
Avenue, Chicago, IL60611, USA. 
Tadano R. Sekino M. Nishibori M. Tsuduki M. 2007. Microsatelite Markeranalysis for genetic 
relationships among Japanese long-tailed chicken breeds. Poultry science, 86:460-469. 
TSNWS (Traditional State of Nigeria World Statemen) 2010. Geography of Nigeria available at 
https://wwwworldstatesmen.Org.  
Yakubu A. Kaankula F. Gand Ugho SB. 2011. Morphometric traits of Muscovy ducks for two agro-
ecological zones Nigeria. Tropicultural, 29: 121-124. 
Bech-Hansen M. et al. 2019 ‘Effect of landscape elements on the symmetry and variance of the spatial 
distribution of individual birds within foraging flocks of geese’, Symmetry, 11(9), p. 1103. doi: 
10.3390/sym11091103. 
Canino W. and Powell D. 2010 ‘Formal behavioral evaluation of enrichment programs on a zookeeper’s 
schedule: a case study with a polar bear (Ursus Maritimus) at the Bronx Zoo’, Zoo Biology, 29(4), pp. 
503–508. doi: 10.1002/zoo.20247. 
Clubb R. and Mason GJ. 2003 ‘Captivity effects on wide-ranging carnivores’, Nature, 425(6957), pp. 473–
474. doi: 10.1038/425473a. 
Dahl F. M. et al. 2020 ‘Effect of enrichments on behavioural reaction norms of two captive polar bears 
(Ursus maritimus) in Aalborg Zoo, Denmark’, Genetics and Biodiversity Journal, p. 12. doi: 
10.46325/gabj.v0i0.745. 
Dingemanse NJ. et al. 2010 ‘Behavioural reaction norms: animal personality meets individual plasticity’, 
Trends in Ecology & Evolution, 25(2), pp. 81–89. doi: 10.1016/j.tree.2009.07.013. 
Goswami S. et al. 2019 Effects of personality and life-history on the welfare of captive Asiatic lions 
(Panthera leo persica). doi: 10.7287/peerj.preprints.27495. 
Greenwald KR. and Dabek L. 2003 ‘Behavioral development of a polar bear cub (Ursus maritimus) in 
captivity’, Zoo Biology, 22(5), pp. 507–514. doi: 10.1002/zoo.10095. 
Gunn D. and Morton DB. 1995 ‘Inventory of the behaviour of New Zealand white rabbits in laboratory 
cages’, Applied Animal Behaviour Science, 45(3), pp. 277–292. doi: 10.1016/0168-1591(95)00627-5. 
Kelly K. et al. 2014 ‘Individual effects of seasonal changes, visitor density, and concurrent bear behavior on 
stereotypical behaviors in captive polar bears (Ursus maritimus)’, Journal of applied animal welfare 
science, 18, pp. 1–15. doi: 10.1080/10888705.2014.924832. 
Linder A. C. et al. 2020 ‘Using behavioral instability to investigate behavioral reaction norms in captive 
animals: Theoretical implications and future perspectives’, Symmetry, 12(4), p. 603. doi: 
10.3390/sym12040603. 
Mason G. J. and Latham N. R. 2004 ‘Can’t stop, won’t stop: is stereotypy a reliable animal welfare 
indicator?’, Animal Welfare, (13), pp. 57–69. 
Miller L. J. et al. 2020 ‘Behavioral diversity as a potential indicator of positive animal welfare’, Animals, 
10(7), p. 17. doi: 10.3390/ani10071211. 
Montaudouin S. and Pape G. L. 2004 ‘Comparison of the behaviour of European brown bears (Ursus 
arctos arctos) in six different parks, with particular attention to stereotypies’, Behavioural Processes, 
67(2), pp. 235–244. doi: 10.1016/j.beproc.2004.02.008. 
Pertold, C. et al. 2016 ‘The novel concept of “behavioural instability” and its potential applications’, 
Symmetry, 8(11), p. 135. doi: 10.3390/sym8110135. 
Pohlert T. 2014 ‘The pairwise multiple comparison of mean ranks package (PMCMR)’, R package, pp. 1–9. 
Ross S. R. 2006 ‘Issues of choice and control in the behaviour of a pair of captive polar bears (Ursus 
maritimus)’, Behavioural Processes, 73(1), pp. 117–120. doi: 10.1016/j.beproc.2006.04.003. 




Seaworld Parks and Entertainment 2020 All about polar bears - habitat and distribution | Seaworld parks 
& entertainment, Seaworld Parks and Entertainment. Available at: https://seaworld.org/animals/all-
about/polar-bear/habitat/ (Accessed: 3 December 2020). 
Shepherdson, D. et al. 2013 ‘Individual and environmental factors associated with stereotypic behavior and 
fecal glucocorticoid metabolite levels in zoo housed polar bears’, Applied Animal Behaviour Science, 
147(3), pp. 268–277. doi: 10.1016/j.applanim.2013.01.001. 
Shyne A. 2006 Meta-analytic review of the effects of enrichment on stereotypic behavior in zoo mammals, 
Zoo Biology, 25(4), pp. 317–337. doi: https://doi.org/10.1002/zoo.20091. 
Vickery S. and Mason G. 2004 ‘Stereotypic behavior in Asiatic black and Malayan sun bear, Zoo Biology, 
23, pp. 409–430. doi: 10.1002/zoo.20027. 
Wilson, V. et al. 2019. Future directions for personality research: Contributing new insights to the 
understanding of animal behavior, Animals, 9(5), p. 240. doi: 10.3390/ani9050240. 
